Northampton County, located in the Eastern Shore of Virginia, USA, remains relatively undeveloped, but it is expected that the region's population and economy will grow and environment will change considerably. The goal of the research was to assess Northampton County development perspectives. Four development scenarios were created to examine environmental and socioeconomic indicators. Investigation showed that the Golf Course scenario would provide the most economic opportunities for local residents. The environmental indicators showed that Agriculture scenario would be the biggest polluter to the county's ecosystems.
Introduction
The conflict between land use and water quality is an emerging and fast growing issue for today scientists and managers. The success of many programs fighting pollution is dwindling because of sprawl and development. Programs become land use regulating agencies. Managers have begun to understand that in order to preserve the pristine nature, while maintaining a prosperous economy, decision process should be integrated and multisectoral. As different interest groups fight for different ideas, the aim of the manager is to bring different opinions together and find a mutually beneficial solution. This study attempted to achieve this goal.
Background Information. The Eastern Shore of Virginia is an 80-mile-long peninsula that encompasses about 696 square miles of land area with approximately half of this area draining into the Chesapeake Bay. The dominant land uses in the Bay watershed of the Shore are forest and agriculture, with several scattered industrial areas and denser development around the existing towns (Virginia Secretary of Natural Resources, 1999) .
The Eastern Shore is a unique peninsula of the Chesapeake Bay because it is long and narrow, with numerous small watersheds that comprise a complex system of tidal creeks. The majority of these creeks are primarily influenced by tides with limited freshwater flows in the upper reaches. Groundwater influx, runoff from pulsed or storm-related events and Bay mainstream water (Virginia Secretary of Natural Resources, 1999) characterize the water quality of these creeks.
Economic growth on the Eastern Shore is fairly steady, with much of the growth occurring as singlefamily residential houses as well as some commercial establishments. As with other rural areas in the Virginia state, there is a trend towards conversion of agricultural land and forest to more urban, including residential development. Urban land uses, in the context of Eastern Shore, is a relatively recent term and can include residential, commercial and industrial development (Virginia Secretary of Natural Resources, 1999) .
As a case study Northampton County and the town of Cape Charles were chosen (Fig. 1) . Northampton County is located at the southern tip of the Eastern Shore. Founded in 1620, the County was one of the eight original shires of colonial Virginia. Today it is home to the oldest continuous court records in the United States (Northampton County Board…, 1994) . Cape Charles is located between Kings and Old Plantation creeks on the Bay Side of the Eastern Shore. The town was built to house railroad executives as well as for the expanding merchant class, but lost its commercial rail significance when the Chesapeake Bay BridgeTunnel was built. People lost their jobs and left the town. Recently the town has gradually started to revive. Business is returning and the prices of land and buildings are increasing. Some of this growth might be attributed to revival of local businesses and also to recent developments such as the Bay Creek Residential Area and Golf Course which surrounds Cape Charles on three sides and will occupy 1 700 acres. Developers are building two golf courses to the south of the town. To the north a marina is proposed. Several residential areas will be built around Cape Charles adding 1 500 home units in 12 years (Bay Creek, 2000) (currently there are 12 000 residents in the Northampton County). New development should attract retired people and summer or second home owners.
Materials and methods
The study had these goals and objectives:
• Assess and evaluate the scale of human activities from a sustainable development perspective • Develop and test an analytical framework for Integrated Coastal Zone Management (incorporate into the research environmental, social and economic aspects of planning and management) • Provide the best available information on land uses, nutrient and sediment loads, water quality conditions and management practices. To inform managers, planners and citizens of the factors those are or will be affecting the water quality of the creeks and streams in the Eastern Shore. The overall research model is based on the idea that land use determines nutrient and sediment loads, which in turn determines water quality in adjacent creeks. The relationship between land use and pollution level was investigated using the BasinSim model (BasinSim, 2000) . The software simulates the small watersheds systems processes that predict sediment and nutrient loads. It takes into consideration parameters such as soil, land cover, vegetation type, etc. (total 30 parameters). Tidal Prism Water Quality Model (TPWQM) assesses pollutant concentrations in the water column. The equation includes water volume, geometry, and biological processes in the creek. Geographical Information System (GIS) -Erdas Imagine, Arc View and Arch Info -was used to manipulate land use information, also for creation of new scenarios.
Three mile long Old Plantation Creek was investigated as one of the sensitive areas, which may be affected by the development. The creek was divided into three segments to better represent expected spacial water variability due to bathymetry, geometry, influence of the tides, and different land use patterns along the water body. Segmentation of the creek was performed using the TPWQM "PreProcessor of Geometry".
Socioeconomic analysis was performed using forecasting techniques (Forecast Pro program) such as regression, and different types of exponential smoothing.
Alternative scenarios were created (both for environment and socioeconomic parts of the research) in order to see available options for the development:
1. Baseline scenario -year 1989 is based on Proposed Bay Creek Development watershed, part of the Old Plantation Creek watershed. 2. Agriculture scenario 3. Forest scenario 4. Golf Course/Residential Area scenario based on the Proposed Bay Creek Development One third of the Baseline scenario area was forest and the rest agricultural land with some inclusions of wetlands and residential areas. The Agriculture scenario was created with the assumption that the Baseline scenario is converted to 100 percent agricultural land (as the main activity on the Eastern Shore is agriculture), seeking to increase benefits from the land. Forest scenario was created *Research area on the assumption that forest is the most pristine land use and produces the least amount of pollutants. The Golf Course scenario is based on the development plan of the Bay Creek Development (forest ~30 %, residential ~ 40 %, golf course/grass 25 % (tidal flats, wetlands remained unchanged from the baseline). Different scenarios were created changing land use percentages in each case.
For the socioeconomic part of the research, Agriculture and Forest scenarios were created using information from the counties that had an agriculture and forest development pattern. In the case of proposed development (Golf Course), the cost benefit analysis data derived by developers were used for comparison.
The impact assessment was performed by comparing environmental and socioeconomic data. The overall research model is shown in Figure 2 . The environmental part of the research investigates alternative scenarios and possible environmental impacts of development. The pollutant loads (nutrients and suspended solids) were calculated and evaluated through the modeling exercise. Final concentrations of the pollutants in Old Plantation Creek were calculated and compared with the submerged aquatic vegetation (SAV) habitat requirements or habitat suitability indexes.
In the socioeconomic part the status of Northampton County economic performance was evaluated and projected into the future under different development scenarios. In the case of socioeconomic indicators investigation was different than in the environmental part because the smallest and most convenient (data availability) unit is the county level. So the growth was calculated for the Cape Charles area and the results added to the Baseline scenario projections. In the case of environmental indicators, the smallest space unit is watershed. As the development will occur only on one side of the creek the numbers were calculated for one side of the creek and then added to the whole watershed results. Under different scenarios it was assumed that the whole watershed land use is not changing and only the proposed development area is different in different scenarios.
Results

Nutrients and Suspended Solid Loads (BasinSim)
The study results showed the highest nitrogen concentrations in the Agriculture scenario, which would produce three times more nutrients than the Baseline scenario. Forest is the most pristine scenario: nutrients are expected to be used by vegetation and also there is no fertilizer application. The Golf Course nutrient loads are not expected to increase as much as in Agriculture, even though application of fertilizer to some parts of the watershed (e.g. grassland) is expected to be three times greater than in the Agriculture scenario. But in the case of the Golf course scenario it is expected that 1/3 of the land will remain forested, which might be the reason for lower nitrogen loads. The research shows that with the diversity of land uses, the loads would not be as high as in monoculture land use.
In the case of phosphorus, only the Golf Course would have higher loads than the rest of the scenarios.
Suspended solids movement in the system is determined by the different thickness and quality of vegetation cover, which varies through the year (e.g. forest vs. agriculture field). For example, suspended solids from the Forest scenario should contribute zero tons to the overall watershed, since it is expected that the vegetation cover prevent suspended solids from running off the land. In the Baseline scenario the research showed, solid loads are much higher (20 tons/year). The loads from the Golf Course are expected to be almost the same as in the Baseline scenario. The highest loads are expected to come from the Agriculture case. The reason for that might be that the BasinSim looks into the land cover through the year and in the case of Agriculture it is expected that during winter the land would be bare, without plants in agricultural areas. In the case of the Golf Course, the land would be covered with grasses through out the year (please see example 
Nutrients and Chlorophyll Concentrations in the Old Plantation Creek (TPWQM)
Pollutant concentrations in the creek might be helpful in assessing water quality if compared to known habitat suitability indexes of natural resources. In this study water quality was compared to habitat suitability indexes of submerged aquatic vegetation (SAV). Parameters measured were Chlorophyll "a" (Chl "a"), total dissolved nitrogen (DIN) and total dissolved phosphorus (DIP). These parameters are interrelated in the ecosystems. Nutrients are used by phytoplankton; if concentrations are low we could expect low Chl "a" concentrations in the creek. On the other hand, phytoplankton is regulating nutrient levels.
In sum, the results show that water quality in the creek is not exceeding the SAV habitat suitability indexes in any of the proposed scenarios. Also the highest concentrations of pollutants are expected to be in the Agriculture scenario, the lowest in the Forest scenario. In the Golf Course scenario, the concentrations are expected to be slightly higher than in the Baseline scenario.
The research showed that the pollutants are diluted in the water column and dissolve in the Chesapeake Bay tidal waters. TPWQ model runs showed that even if we increase the loads ten times the water quality in the creeks remains almost the same and does not exceed the SAV habitat suitability indexes. For this reason it was decided to use the total loads indicators in the final impact assessment to determine the most acceptable scenario.
Socioeconomic Indicators
Following the environmental section of the study different development scenarios were examined regarding social and economic changes under each of them. In order to predict what would happen in the future under different scenarios, forecasting techniques were used. First, historic trends of 10 socioeconomic parameters were examined and population, income, and employment were chosen for further investigation.
Population numbers were declining during the last two decades in the Northampton County. It might be attributed to mechanization of agriculture techniques, or decline in natural resources on which part of the population in the county were dependent. During this time no new industries came. The growing aquaculture business was not able to accommodate all unemployed. If we look into the forecast we see that under current conditions the population numbers will go down and the employment would stay stagnant through time. There has been an optimistic trend since 1992 that there will be more jobs, but examination of history shows similar variability in employment numbers. That is why the exponential smoothing model is showing that in the future the job market might increase but with the same probability it might decrease. In the case of the employment forecast it is clear that we have to use our own judgment and we should not always rely on statistical forecasting technique.
Income, opposite to population and employment, is rising. The income numbers are tied to the general well-being of the economy of the state and the whole country. There is a national minimum wage and people who work year round most likely earn enough money to sustain themselves. The problem is with the people who have seasonal work (e.g. in agriculture) and families with more people in the household (Fig. 4) . According to other counties information, Forest development would bring stagnation to the county and population would keep declining. If the Agriculture scenario is implemented the population would stop decreasing. In the Golf Course scenario the population numbers would increase and even reach the 1980'ies level.
Results and discussions
Development is necessary if we want to achieve social justice and equality among citizens, but environmental concerns cannot be ignored in today's world. An integrated approach towards development was investigated. The model of this study is integrating environmental and socioeconomic issues on theoretical and practical levels.
The results showed that the existing situation (Baseline scenario) is not promising any progress in the regions economic development. Compared to the other scenarios, Agriculture and Forest would bring moderate growth to the region with higher numbers for Agricultural. Golf Course scenario would bring the highest salaries and employment to the county.
The comparison did not show that water quality would deteriorate in any of the scenarios. The reason might be the overwhelming influence of the Chesapeake Bay on the local Old Plantation Creek, where the amount of the incoming tide water is almost equal to the residing water in the creek. The segmentation analysis showed that there is indeed a difference in different segments of the creek in pollutant concentrations: the higher upstream (lesser impact of the Bay) the higher the concentration.
This study revealed that with the development, nutrient and suspended solids input to the Old Plantation Creek would increase up to three times (nitrogen in the Agriculture scenario, phosphorus in the Golf Course scenario). The best scenario from an environment perspective would be Forest. On the other hand this investigation suggests that Old Plantation Creek water quality would not deteriorate because of increased pollutant loads. This might serve as a good excuse for the developers to start developing the area because nature is assimilating excessive pollutants. However, this case needs further investigation because with increased loads the likelihood of higher temporal pollution (e.g. storm events) also increases. Also the pollution effects to ground waters need investigation. And there is a bigger question, what if all creeks in the Chesapeake Bay are polluted?
Examination of socioeconomic parameters showed (Table 1) that the highest employment and income numbers would result from the Golf Course scenario.
Conservative development and management practices such as Agriculture or Forest would not be as effective in raising the quality of life for local people as Golf Course. The worst scenario would result from the county remaining in its present (Baseline) situation. It is important to notice that the Baseline scenario has agriculture and forest already as the main land uses and in general it should show better results relative to Forest and Agriculture scenarios. For that matter, we should probably look for other reasons why other Agricultural or Forested counties are doing better than Northampton County. One of the reasons might be the isolation.
In the final table (Table 1 ) the research findings are put in one table for comparison. It was decided to compare three environmental and three socioeconomic indicators to see which development scenario would bring the most socioeconomic benefits and the least environmental harm. Probably more sophisticated grading system could be used but it is obvious from the table that the Golf Course is not the worst scenario regarding the environmental indictors and would be beneficial economically for the county. 
